Background and objectives Studies performed in the United States showed that blacks progress from CKD to ESRD faster than do whites. Possible explanations are differences in health care system factors. This study investigated whether progression is also faster in a universal health care system, where all patients receive comparable care.
Black Americans have a three-fold higher incidence of ESRD compared with white Americans (1) . This has been largely attributed to faster rates of progression from CKD to ESRD in blacks (2) (3) (4) . Explanations are likely to involve a complex interaction of biologic, societal, and health care system factors (5, 6) . Biologic factors may relate to genetic differences (7) (8) (9) . Societal factors may relate to a lower socioeconomic status among blacks and possible cultural conflicts for blacks that lead to reduced adherence of health recommendations (5) . Health care system factors may relate to differences in access to health care and decreased quality of care for blacks (5) .
Most studies regarding black-white differences in progression to ESRD derive from the United States (10) . In the United States, blacks have less access to health care, and studies suggest that blacks receive lower quality of care (11, 12) . To investigate the role of health care differences in the faster progression to ESRD in blacks, several studies have tried to control for it by studying cohorts of patients who are insured in the health care system of the United States, for example by Medicare (13, 14) or the Department of Veterans Affairs (2, 15) . However, these studies included only subsets of patients and therefore have limited generalizability (10) .
To get further insight into the role of health care system factors, studies are needed in a setting where all patients have equal access to health care and receive similar highly standardized care, irrespective of age or socioeconomic status. The predialysis care setting in The Netherlands is such a setting (16) . Patients with CKD stages 4-5 are referred to specialized predialysis care to adequately prepare for renal replacement therapy (RRT) and to improve therapeutic options. During this care, patients are monitored closely by nephrologists, dietitians, and social workers and are treated according to strict guidelines (17, 18) .
We sought to determine whether black and white patients with CKD starting specialized predialysis care in the universal health care system of The Netherlands have differences in time to start of RRT and rate of renal function decline (RFD).
Materials and Methods

Study Design
Data from the PREdialysis PAtient REcord (PREPARE) study were used. PREPARE is a multicenter follow-up study of incident patients starting specialized predialysis care (age $18 years) in The Netherlands. In practice, patients are referred to a predialysis outpatient clinic if they have an estimated GFR (eGFR) ,20-30 ml/min per 1.73 m 2 (CKD stages 4-5) and a progressive loss of renal function. The PREPARE study consists of a retrospective and a prospective cohort. In the retrospective cohort (PREPARE-I), incident patients who had their first predialysis visit between 1999 and 2001 were included from eight outpatient clinics. In the prospective cohort (PREPARE-II), incident patients who started predialysis care in 1 of 25 participating outpatient clinics between 2004 and 2011, were willing to participate in the study, and understood the Dutch language were included. Patients were followed until the start of RRT (defined as dialysis or renal transplantation), death, loss to follow-up, refusal to further participate in the study (PREPARE-II), recovery of renal function, or the end of the study period (January 2008 for PREPARE-I and August 2012 for PREPARE-II), whichever came first. In PREPARE-I, patients who experienced kidney failure from a kidney transplant were excluded. In PREPARE-II, patients who experienced kidney failure from a kidney transplant that was received less than 1 year before referral to predialysis care were excluded. The study was approved by the medical ethics committee or the institutional review board of the participating centers. Patients included in PREPARE-II gave written informed consent before study inclusion.
Race
Information on race was reported by medical staff during a patient's visit to the predialysis outpatient clinic. Whites were observed as patients originating from European countries, Turkey, and Morocco. Blacks were observed as patients with a sub-Saharan African origin, including Surinamese creoles. For the present analyses, patients with missing race data were considered as whites because we assumed that nonwhite race would have been noted (the population in The Netherlands is predominantly white [19] ).
Baseline Data
Baseline was defined as the date of the first visit at the predialysis outpatient clinic. Baseline data were collected from medical records and extracted from the hospital information systems. Primary kidney disease was classified according to the codes of the European Renal AssociationEuropean Dialysis and Transplantation Association (20) . Cardiovascular disease was defined as the presence of angina pectoris, coronary artery disease, and/or myocardial infarction. The eGFR was calculated by using the Modification of Diet in Renal Disease (MDRD) formula, taking into account age, sex, black race, and serum creatinine (21) .
Follow-up Data
Follow-up time was restricted to 2 years because after 2 years the number of patients at risk became too small (22) . Follow-up time was defined as the time between the first visit and the start of RRT or censoring (i.e., death, loss to follow-up, refusal to further participate in the study [PREPARE-II] , recovery of renal function, or reaching end of the study period within 2 years of follow-up). Recovery of renal function was defined as a substantial improvement in renal function and was based on the clinical impression of the nephrologist. Information on the date of starting RRT was collected from medical records. The rate of RFD was estimated by using all available eGFR measurements during the first 2 years of follow-up.
Statistical Analyses
Descriptive statistics are presented as mean 6 SD or, in case of a skewed distribution, as median with boundaries of the interquartile range, stratified for white and black patients. Competing risk analysis was applied to calculate cumulative incidence curves for starting RRT for white and black patients, with death as a competing end point (23) . Because the cumulative incidence curves for black and white patients crossed, a time-dependent Cox proportional hazards analysis was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) for starting RRT. This time-dependent model included an interaction term between race and time period (before and after timepoint of crossing curves), resulting in two separate HRs (for each time period). A linear mixed model, including the intercept and slope as a random term, was used to estimate RFD for black versus white patients. This model takes into account a correlation between individual repeated eGFR measurements and the deviation of the individual slopes from the mean slope (24) . Both the HRs and the slopes were gradually adjusted for more variables to explore underlying mechanisms.
To maintain power and to avoid bias, missing data for baseline variables were imputed with standard multiple imputation techniques in SPSS software (using 10 repetitions) (SPSS, Inc., Chicago, IL). Missing values were predicted under the assumption of missing "at random" using the patient's available characteristics (25) (26) (27) . The imputation model included the characteristics described in Table 1 except race because this is the determinant of interest. In addition, data on starting RRT (yes/no) and follow-up time were included because missing baseline characteristics are often related to the outcome (28) . Skewed distributed continuous variables (i.e., age, parathyroid hormone, proteinuria, and the time until the start of RRT) were logarithmically transformed before entering into the model. Significance levels were determined at P,0.05. Analyses were carried out with SPSS software 20.0 for Windows.
Subgroup and Sensitivity Analyses
Two subgroup analyses were performed regarding RFD, in which the results were stratified by the presence of diabetes mellitus and by proteinuria levels (above and below 1.5 g/24 hours, median value). These analyses were selected according to the high prevalence of diabetes mellitus and proteinuria in black patients with CKD (1,29).
To test the robustness of the results, several sensitivity analyses were performed. Analyses were repeated (1) with exclusion of patients with missing data on race, (2) with use of unrestricted follow-up time, (3) with stratification by PREPARE-I and PREPARE-II, (4) with additional adjustment for education level as proxy for socioeconomic status (available only in PREPARE-II) and in a separate model for predialysis center as proxy for deprivation area (available in PREPARE-I and PREPARE-II), and (5) with use of the CKD-Epidemiology Collaboration (CKD-EPI) equation (30) instead of the MDRD formula.
Results
Patient Characteristics
In total, 1049 patients were included, of whom 663 were white, 49 were black, 54 were grouped as other, and 283 had missing data on race. Patients grouped as "other" were excluded, and patients with missing race data were observed as being white. Of these 946 white and 49 black patients, 51% and 41%, respectively, were from the PREPARE-I study. Of all patients, 75% were referred by a nephrologist and 14% by a specialist of internal medicine, which was similar between blacks and whites (data based on PREPARE-I). Compared with whites, black patients were 10 years younger and more likely to have diabetes mellitus or GN as primary kidney disease. Furthermore, blacks had a higher eGFR at initiation of predialysis care and higher levels of proteinuria (Table 1) .
Follow-up and Outcomes
With follow-up time censored at 2 years, Table 2 shows the median follow-up time and frequencies of outcomes. Follow-up time and outcome frequencies were approximately the same for blacks and whites. Figure 1 demonstrates that during the first 15 months of predialysis care, blacks experienced a slightly lower probability of starting RRT compared with whites, whereas from 15 months onward blacks had a higher probability. For blacks compared with whites, the crude HR for starting RRT within the first 15 months was 0.86 (95% CI, 0.55 to 1.34) and from 15 months onward, 1.93 (95% CI, 1.02 to 3.68), which remained approximately the same after adjustment for demographic characteristics, comorbid conditions and lifestyle, and prescribed medication. After additional adjustment for eGFR and proteinuria at baseline, these HRs increased to 1.16 (95% CI, 0.73 to 1.85) and 3.61 (95% CI, 1.87 to 7.00), respectively. After further adjustment for other laboratory measurements, these HRs attenuated to 1.09 (95% CI, 0.67 to 1.75) and 3.12 (95% CI, 1.56 to 6.23), respectively (Table 3) .
RFD
Among whites, 6%, 19%, and 75% had one, two, and three or more available eGFR measurements in the first 2 years of follow-up, respectively. Among blacks, these percentages were 11%, 11%, and 78%. The median numbers of eGFR measurements (boundaries of interquartile range) were 4 (3-12) in whites and 4 (3-11) in blacks. In whites, RFD was 0. 
Subgroup Analyses
Black patients with diabetes mellitus experienced a 0.43 (95% CI, 0.09 to 0.76) ml/min per 1.73 m 2 per month (adjustment model 6) faster RFD than white patients with diabetes mellitus (0.61 versus 0.18 ml/min per 1.73 m 2 per month). Furthermore, black patients with high proteinuria levels ($1.5 g/24 hours) experienced a 0.27 (95% CI, 20.04 to 0.58) ml/min per 1.73 m 2 per month (adjustment model 6) faster RFD than white patients with high proteinuria levels (0.60 versus 0.33 ml/min per 1.73 m 2 per month). In black versus white patients without diabetes mellitus and in black versus white patients with low proteinuria levels, RFD did not differ. The interaction term P values were 0.002 for diabetes mellitus with race and 0.27 for proteinuria with race.
Sensitivity Analyses
Several sensitivity analyses were performed. First, excluding patients with missing data on race showed similar results. Second, the crude HR with use of unrestricted follow-up from 15 months onward was lower (HR, 1.07 [95% CI, 0.59 to 1.96]) compared with the main analyses, but after adjustment for the variables in model 6 blacks had a 2.21-fold higher hazard. Results related to RFD did not materially change. Third, patients in PREPARE-I had a lower baseline eGFR and a higher level of proteinuria than patients in PREPARE-II, but in both studies blacks had a higher eGFR and more proteinuria at baseline than white patients. In line with this, the median follow-up time was 4.6 months shorter in PREPARE-I. The fully adjusted HR from (34) 15 (31) IQR, interquartile range; RRT, renal replacement therapy (dialysis or renal transplantation). a Patients who refused further study participation, were lost-tofollow-up, had a recovery of renal function, died while receiving predialysis care, or reached end of study period within 2 years of follow-up. Excluding patients still receiving predialysis care after 2 years of follow-up. b Refused further study participation, lost-to-follow-up, recovery of renal function, reached end of study period within 2 years of follow-up, or reached end of 2 years follow-up. 
Discussion
This study found no difference in time to the start of RRT within the first 15 months of predialysis care between black and white incident patients starting predialysis care in a universal health care system. However, black patients initiated predialysis care with a higher eGFR than whites. From 15 months onward, blacks had a 1.93-fold higher hazard of starting RRT compared with whites. Adjustment for differences in demographic characteristics, comorbid conditions and lifestyle, prescribed medication, proteinuria, eGFR, and laboratory measurements at baseline increased this HR to 3.12. RFD was 0.18 ml/min per 1.73 m 2 per month faster in black than in white patients and remained faster after adjustment.
Our finding that blacks have a faster progression to ESRD than whites is in line with the results of studies examining cohorts of patients who are insured in the health care system of the United States (2, 31) . However, these studies have limited generalizability because of the selected study population. Our study presents several new findings. First, except for a small study from the United Kingdom showing no difference in progression to ESRD between white (n=24) and African-Caribbean (n=11) patients with diabetic nephropathy (32), differences in progression to ESRD between blacks and whites have not been previously investigated in a European universal health care system. Second, to our knowledge, a faster progression to ESRD in blacks compared with whites has not been described before in patients starting predialysis care. A study from the United States found that among patients with GFRs ranging from 13 to 24 ml/min per 1.73 m 2 blacks had a 2.87 ml/min per 1.73 m 2 per year faster RFD compared with nonblacks, but these were not incident patients starting predialysis care (33) . Another study in the United States found a faster decline of only 0.3 ml/min per 1.73 m 2 per year in blacks compared with whites who were referred to a nephrology clinic (median follow-up, 2.8 years). However, this study included patients with CKD stages 1-5 (mean eGFR, 37.4 ml/min per 1.73 m 2 ) and thus results are not comparable to those of our study (34) . A third study in the United States demonstrated that black patients with eGFR ,15 ml/min per 1.73 m 2 and between 15 and 29 ml/min per 1.73 m 2 had 1.4-and 1.8-fold higher risks of progression to ESRD, respectively, compared with whites. However, these results were based on patients admitted to the hospital with acute myocardial infarction and no eGFR measurements were available during follow-up. Furthermore, it was unclear whether these patients received specialized predialysis care (35) .
Third, to our knowledge, no previous studies have shown that blacks are referred to predialysis care with higher eGFR compared with whites.
Strengths of our study include the presence of a well defined population receiving standardized care in a universal health care system, the longitudinal design, and the multiple eGFR measurements during follow-up. Some limitations need to be mentioned. First, the retrospective and the prospective cohorts of the PREPARE study were pooled, whereas the prospective cohort included only patients who were willing to participate in the study. This may have resulted in the selection of "healthier" patients, as indicated by the higher eGFR at baseline and the slower RFD in PREPARE-II versus PREPARE-I. However, we feel that pooling PREPARE-I and PREPARE-II is justified because both studies included incident patients starting predialysis care in The Netherlands. The absence of a difference in time until the start of RRT between whites and blacks in PREPARE-I could be explained by the lower baseline eGFR compared with PREPARE-II (in PREPARE-I there was a shorter period to develop a difference).
Second, patients with missing race data were considered as whites, and race was assessed by medical staff. This may have resulted in misclassification of race. Nevertheless, in our opinion this has not influenced the results substantially because similar results were found after exclusion of patients with missing race data. Furthermore, although not optimal, the assessment of race/ethnicity by medical staff is considered to be suitable for assessing race/ethnicity (36) .
Third, data on area deprivation were lacking. Differences in area deprivation could have biased our results if deprivation is associated with both race and progression to ESRD. However, a great strength of the universal health care system in The Netherlands is the equal access to health care and highly standardized care for each individual, minimizing area differences in CKD progression and thereby minimizing bias. Furthermore, adjustment for predialysis center, some in a more deprived area than others, did not change our effect estimate.
Fourth, we do not have data on the magnitude and the characteristics of the patient group not referred to predialysis care. However, the purpose of this study was not to investigate progression to ESRD in patients who could have been referred to predialysis care but rather in patients who actually received specialized predialysis care.
Our finding that black-white differences in progression to ESRD exist among patients receiving predialysis care in a universal health care system suggests that previously reported differences could less likely be completely explained by health care-related factors (2-4). Our finding that the faster RFD for black compared with white patients is predominantly present in patients with diabetes mellitus and in patients with high proteinuria levels may suggest that in blacks diabetes mellitus leads to more extensive damage of the kidneys, causing a faster RFD. In addition, it is reported that other factors, such as genetic differences (7) (8) (9) , decreased production of vitamin D in blacks (37) (38) (39) , and a greater incidence of low birthweight in blacks (40), may also explain the different disease progression. Several explanations for the higher level of renal function at the start of predialysis care for blacks compared with whites could be postulated. Guidelines suggest that patients need to be referred to predialysis care at least 1 year before the start of RRT (41) . If health care workers are aware of the faster RFD among blacks, they may refer such patients earlier to predialysis care. Furthermore, health care professionals may refer blacks earlier because of their high prevalence of diabetes mellitus as underlying kidney disease or comorbidity (42, 43) . Additionally, it is possible that health care workers do not take into account that blacks have a higher creatinine production than whites due to differences in muscle mass, metabolism, and tubular handling of creatinine (44) (45) (46) . The different association of creatinine and eGFR in blacks and whites is reflected in the MDRD equation by the multiplicative 1.212 term (21) . Not applying this manual correction in our black population yields an eGFR that is only slightly higher than the eGFR among whites (15.2 and 14.7 ml/min per 1.73 m 2 , respectively). In conclusion, although the number of black patients was relatively small, this study demonstrated that black patients receiving predialysis care in a universal health care system had a faster progression to ESRD than whites, suggesting that health care system factors have a less influential role in explaining this black-white difference. Our results may suggest that black patients with CKD should be referred to predialysis care earlier than white patients to assure timely preparation for RRT. Fortunately, in The Netherlands this is already the case because our data showed that black patients had a higher eGFR at the start of predialysis care than white patients. Further investigation is needed to understand the mechanisms underlying the faster progression to ESRD in blacks.
